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A m eth o d has been rediscovered, an d developed in th e o ry a n d p ractice, for o p tical o b serv a tio n of th e earliest stages o f diffusion across a n in itially sh arp b o u n d a ry b etw een a dilu te solution an d a solvent. I t enables th e diffusion c o n sta n t o f a m onodisperse solute to be m easured a b o u t fifty tim es as quickly as b y o th e r m eth o d s, a t low er co n cen tratio n a n d possibly w ith g rea te r accu racy ; it should th erefo re be p a rtic u la rly v alu ab le for th e stu d y of high m olecular substances.
T he m eth o d is based on th e interference p a tte rn w hich is form ed w hen m onochrom atic lig h t from a h orizo n tal slit is focused a fte r passing th ro u g h a cell w here diffusion is occurring. T he p a tte rn , a set o f ho rizo n tal b an d s, co n tra c ts to w ard s th e optic axis as diffusion proceeds, a t a ra te from w hich th e diffusion c o n sta n t can be calculated. B y co u n tin g th e b an d s in th e p a tte rn th e refractiv e in crem en t of th e solute can be determ in ed .
T he sharp in itial b o u n d a ry is o b tain ed b y flowing th e solution a n d solvent o u t th ro u g h a com m on narrow h o rizo n tal slit. T he co n stru ctio n , calib ratio n , a n d use o f th e a p p a ra tu s are described.
P a r t I . I n t r o d u c t io n (B y A.G.O. a n d J . S t L .P .)
The standard modern method for determining the diffusion constant of a solute is the optical 'scale' method of Lamm (1937) ; in this the Gaussian curve, representing concentration gradient as a function of distance in a freely diffusing boundary between solution and solvent, is measured and plotted. The diffusion constant is then deduced from the rate a t which the characteristic dimensions of the curve change with time. The same curve may be measured by other optical methods, such as the self-plotting 'diagonal schlieren' method of Philpot (1938) or the interfero metric method of Cal vet & Chevalerias (1946) . In all these methods optical con siderations require th at the diffusion boundary should have had time to become fairly thick, so th a t a determination on a protein takes some or many hours. By the method described here, which is based on a different type of interference, much thinner boundaries can be studied with ease so th a t the diffusion time required can be reduced some fiftyfold.
The method was suggested by Gouy (1880) and was mentioned by Thovert (1902) , but has never been used as far as we know; Thovert used a related method which is now only of historical interest. We rediscovered it in 1939 and demonstrated a crude form of it to the Physiological Society; further development, and publication, were delayed by the war.
The optical arrangement is shown in figure 1 (a). A narrow slit A , illuminated by monochromatic light, is a t the focus of a lens B. Parallel light passes through the cqll C in which the diffusion boundary is formed. In front of and near is a rect angular stop D so placed th at the centre of the diffusion boundary bisects it. A lens E forms an image of the slit A on the focal plane. A cylindrical lens O focuses the stop D horizontally on the focal plane. When there is no boundary in the cell, the A rapid method for determining diffusion constants in solution 383 image is a Fraunhofer interference pattern arising from D. When a boundary is centred in D the image consists of a superposition of the Fraunhofer pattern of the stop and a set of interference bands arising from the boundary: these spread out from the optic axis in the direction of the higher refractive index in the cel] (figure 2); their spread varies inversely with the thickness of the boundary so that, as the boundary thickens, the band system closes up towards the optic axis. The timecourse of thickening of the boundary can thus be followed (figure 8). The number of bands in the pattern, including the shift of the whole pattern from the optic axis by a fraction of the interband distance, measures the total difference of refractive index between solution and solvent. The thinner the boundary studied the more sharply must it have been formed if error is to be avoided. To form and sharpen the boundary, we have adopted the flowing technique, already described by various workers; its latest application has been to electrophoresis of proteins by Svensson (1946) . Solution and solvent are flowed out of the cell through a common narrow slit. Diffusion is started by stopping the flow. In this way sufficiently sharp initial boundaries are easily obtained. The form of the interference pattern is not simply related to th at of the Gaussian distribution of concentration in the boundary; its exact relation is discussed in the next section. This relation can be computed for the case of a simple boundary, but there are great difficulties in computing it for a complex boundary formed by two or more components diffusing at different rates. The method is therefore, a t present, useful for determining the diffusion constants of single homogeneous solutes only.
However, the relative positions of the interference fringes, in comparison with their relative positions given by a homogeneous solute, can provide qualitative evidence of homogeneity, and empirical methods for the study of heterogeneity can no doubt be developed.
A rapid method for determining diffusion constants solution 385 P a r t I I . T h e o r e t ic a l (B y C.A.C. a n d J . S t L .P .)
The following account of the interference pattern mentioned in part I is based on the Huyghens theory of summation of wavelets, together with the simplified assumptions of an ideal lens, a thin cell of infinite height, a diffusion boundary in the middle of a rectangular optical stop, and a diffusion constant independent of concentration over the range concerned. In many practical cases these assumptions form a good approximation to the truth.
The notation as illustrated in figure 3 is as follows: The cell a t C contains a solution of refractive index nx diffusing according to Fick's Law with diffusion constant D into the solvent (or a solution of different concentration) with refractive index nQ. The lens L focuses a point source of light on O so th at if the cell were uniformly filled with a solution of intermediate refractive index Kwo + %), the Huyghens wave lets at O would ideally have equal phase, while those at nearby points would partly interfere to give the sinusoidal Fraunhofer diffraction pattern. When the cell con tains a diffusion boundary, the midpoint of which is on the optic axis, this Fraunhofer pattern is overlaid by an intense and widespread new pattern which can be regarded on elementary ray theory as arising from symmetrical pairs of rays above and below the axis deviated to equal extents by the vertical gradient of refractive index in the cell and alternately reinforcing and interfering. The horizontal component of the Fraunhofer pattern is ignored by considering only points on a vertical line through the axis. In practice it can be suppressed by a slit source of light or a cylindrical lens.
Let s = vertical semi-aperture of rectangular stop at C. Y = distance from Ct o O. h = thickness of cell (assumed small enough for rays to pass through without appreciable change of height. This condition is more easily met if there is a lens on each side of the cell so th at it can receive parallel light). X = distance below O of point Q at which light intensity is to be calculated (assumed small compared with Y). c = velocity of light in v acuo, p -circular frequency of light. na = refractive index of air. Aa = wave-length of light in air = 2nClnap. n = refractive index of diffusing solution a t points P0 and P distant z below the axis (assumed small compared with Y). n0 + Wj-! = change in effective length of light path P0 0 due to the 2 J that the refractive index at P0 is n instead of £(n0 4-wx).
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The Fraunhofer pattern arises from the fact th at when all wavelets from points P are in phase a t O they are not in phase at Q because the effective path difference na(PQ -PO) is a function of z given by zX 386 C. A. Goulson, J. T. Cox, A. G. Ogston and J. St L. Philpot
to the degree of approximation stated above. The superimposed diffusion pattern which is the main object of study is due to which is given from Fick's law bŷ
The total effective path difference a t Q as compared with the case of ideal focusing a t 0 is therefore "°(X'~2ZX) + ^,
and of this the part naX 2/2 Y being independent of z does not contribute to the interference but merely determines the phase of the resultant light a t Q. By vector summation of wavelets it follows th at the total oscillation a t Q is given by
From (2) 8 is an odd function of z so th at (4) is equivalent to exp [4 -w}] /'°oaf P4H*• < 5 ) This is zero, corresponding to a black interference band, a t any height X which makes the integral zero, i.e. whenever /**! J cos {ax -bp(pc)} = 0,
Equation (6) is satisfied by a series of values of a which may be distinguished by the suffix r = 1, 2, etc., where 1 refers to the largest root. These roots ar have evaluated for selected values of the parameters by Dr H. O. Hartley of the Scientific Computing Service and will be published as soon as some additional data are complete. The following approximation is adequate when b is large and xx is neither too large nor too small. If p(x) is replaced by the first two term namely, by x -\x z, and if m is written for ^(6 -a) and w for x with
which was computed with moderate accuracy by Airy (1838, 1849) and found to have its first two roots at mr = 2-48 and 4-4. As pointed out by Dr H. 0. Hartley, a more accurate evaluation of Airy's integral is obtainable from Bessel functions of order J and -£ and gives, putting ft = a/6, /?, = £ = (8) where Sr is the rth root of Ji (S) -t/ _*($) = 0. For the first roo interest, Sx = 2-38345, giving l-2*3386~».
(9)
6
Dr Hartley finds by comparison with his full computation th at equation (8) is accurate to about one part in 700 if 6 > 100, which justifies the starting point of the semi-empirical calibration described in part IV. The accuracy is much less for the higher roots.
The connexion between (6), (7), and the simple optical ray theory is given (accord ing to the * principle of stationary phase ') by the crude considerations th at the main contribution to the integral is in the non-oscillatory region where ■^{a x -bp{x )} = 0, and th at if this region coincides with one of the regions where the cosine is zero, i.e. where, if A is a positive or negative whole number, ax -bp(x ) = then the whole integral is approximately zero. Approximate values of the roots ar can therefore be obtained by solving (10) and (11) as simultaneous equations in a and x giving a = be~x\ xe~*t -p {x ) = { N ± l ) 7.
E quations (12) can be solved graphically, but not explicitly unless the approximation used in (7) is introduced, in which case (12) reduces to 1-1*7716
By comparison with (9) equation (13) shows that the ray theory on which it is based is seriously inaccurate, as might be expected. The ray theory is interesting, however, as indicating the number of black bands, i.e. of roots ar, to be expected. The lefthand side of (12) 
These pairs correspond to the pairs of interfering rays and to the roots ar. Sub stituting for b in (14) it follows th at the number of black bands is the integer next below ~ b >ant^ *s therefore equal to the number of odd half-wave-lengths of retardation due to the solute. I t can therefore be used to measure refractive increment. The considerations on which (12) is based are too crude to show the fact th at sometimes each main band splits into a fine structure composed of several Fraunhofer bands. This was found by Dr H artley's computation and has been observed experimentally when b is small or is large, but as shown in part I there is, at all practical values of b, a considerable range of where (14) is true, and outside this range the appearance of the pattern gives a clear warning. This justifies the use of (14) for practical measurements. The measurement of the fractional part of the refractive increment left after counting the black, bands is based on a slight change in the apparatus which makes the interference pattern identical with th at in the Rayleigh interferometer. The single stop of figure 3 is replaced by a double one with one rectangular aperture transmitting light from the undiffused solution and one from the solvent and with the whole of the diffusion boundary (sharpened by flowing) stopped out. The oscillation at Q is obtained from equation (4) except th at the integral is now taken from -s2 to -sx with 8 = --1 -and from sx to where ± sx is the distance from the axis to the inner edge of an aperture and ± s2 to the outer edge. In this case the integration is easy and gives after rearrangement 4c 7 exp
This represents a sinusoidal diffraction pattern the black bands of which are given by
which moves according to the refractive increment \{nx -n0) within a fixed sinusoidal envelope the black bands of which are given by
The fractional part of the refractive increment is given by
This is directly measurable as described in part IV.
P a r t III. A p p a r a t u s (B y J.T .C . a n d A.G.O.)
(1) The cell The boundary must be formed in a vertical tube of uniform cross-section the height of which is such th a t the diffusion boundary does not fill it during the time of observa-# tion. The outflow should be such th a t the boundary is sharpened as uniformly as possible. There could be two arrangements, with the direction of flow in line with or a t right angles to the direction of optical observation. We have so far used only the latter; however, the former may offer certain advantages. Figure 4 shows the type of cell which was used a t first. Solution and solvent are run in through A and B and run out together through C, a slit running the whole width of one side of the cell. A tube D a t the top of the cell allows the escape of air during filling. The two inflows and the outflow are stopped simultaneously by sliding the plate E. The cell was constructed of Perspex. Figure 5 shows the latest form of the second type of cell, which was developed through several models; it is designed to use a small volume of solution and to make control of the temperature possible. I t is constructed of Perspex, except for the glass optical flats, the glass outlet tubes for the jacket water and the capillary glass outflow tube. These are cemented to the Perspex with 'Chatterton' cement.
The central compartment forms, in effect, a U-tube. The solvent is contained in the cell and the solution is contained in a glass pipette, the tip of which goes to the bottom Vol. 1 9 2 . A.
of the cell and fits into a vertical groove in the face which carries the outflow slit. One face of the upper (wider) part of the central compartment is grooved to accom modate the pipette. The dimensions of cross-section of the upper part of the cell and of the pipette are chosen so th at the areas of the free liquid surfaces of solution and solvent, and so the volume rates of their outflow, are nearly equal. The lower part of the central compartment is of height 1 cm., length 1 cm. and width 0-3 cm.; half way up is a horizontal slit about 0-02 cm. high and 1 cm. long; this communicates with a tapered collecting channel 2 cm. long which is of roughly constant crosssection and ends in the capillary (0*05 cm. dia.) glass outflow tube; this is extended through rubber connexions to a tap and a vertical capillary tube of such length and diameter as to give a rate of outflow of 1 drop every 2 or 3 sec. Thus, the upper part of the central compartment, with the glass pipette, acts as a concentric reservoir for solvent and solution while the boundary is formed and diffusion occurs in the lower part. The pipette is made by drawing out glass tube of suitable diameter. I t is important th at the tip should be wide enough (about 0*1 cm.) not to allow the levels of the free liquid surfaces within and without the pipette to differ appreciably during flow. The tip tapers slightly and its end is ground off at 45°.
The outer compartments are water jackets. W ater from a thermostat is fed into each at the top and runs away through the glass tubes.
The lower parts of the central compartment and of one water jacket are closed at each end by a glass optical flat. The cell is cemented to a steel table which is kine matically mounted on the optical bench. This table is adjusted by levelling screws so th a t the cell is in the optic axis and vertical, with its slit accurately horizontal.
(2) The monochromator A 120 W Mercra lamp (clear glass) illuminates the fixed monochromator slit. Two lenses and a 60° prism form a dispersed image on the slit A (figure l a) . This is adjust able for width, with a graduated scale; its height is adjusted to select the green line 546 mfi.
(3) The lens system (figure 1)
Bi s a K odak/. 6*8 camera lens, with shutter and iris diaphragm, placed a t its focal distance (13 cm.) from A . The iris diaphragm limits the beam to a size sufficient to illuminate the lowest parts of the central compartment of the cell and of one of the jacket compartments. As close as possible to the cell (1 cm. from the outer face) are placed the stops D. A simple spectacle lens E forms an image of the slit on the focal plane; this is of 25 or 50 cm. focal length, according to the magnification required. If still greater magnification is needed, the image formed by the 25 cm. lens E is projected on to the focal plane by means of a 1 in. microscope objective E ' (figure 1 (6)). In front of E is mounted a glass plate F a t 45°, of thickness 1 to 3 mm. (accord ing to the magnification used), so as to give a vertical displacement to the light which has passed through the water jacket. At
Gi s a cylindrica wide, of 2 in. focal length; this is mounted with its axis vertical. With the lenses E (and E') it focuses the stops D on the focal plane.
(4) The stops There are three stops D (figure 6). One is 2 mm. square. Each of the others is a double stop of which each aperture is 1mm. high by about 0-5mm. wide; one aperture is vertically above the other, their proximate edges being separated by 1 mm. The three stops are mounted side by side on a carriage which allows them to be moved by sliding horizontally. The stops are adjusted relative to the cell so th at the boundary is centred in the single stop and in the 1mm. division between the double stops. In one position, the single stop is in front of the boundary and one double stop in front of the water jacket; in the other position, one double stop is in front of the boundary and the other in front of the water jacket.
(5) The camera (figure 7) The method of recording is chosen in view of the requirement of the computation (part II) that the time interval shall be measurable between the moments a t which a given interference band is a t two stated distances from the optic axis. Accordingly, the movement of the interference pattern is recorded continuously by driving a photographic plate steadily in a direction parallel with the bands. Each band then appears as a continuous trace. The drive of the plate is smooth, but it was con sidered easier to use a separate time-marker than to drive the plate a t an accurately known rate.
The plate (9 x 12 cm.) is held in a dark slide; the image is focused on its sensitized surface. The dark slide fits into a carrier A which slides horizontally on the support plate B; it is driven by means of a spring-loaded split nut C which embraces a lead screw Do f 2 mm. pitch. Rotation of the lead screw traverses the plate; the position of the plate can, however, be adjusted rapidly by opening the split nut so as to dis engage it from the lead screw. The lead screw is driven by a stirrup-and-slot coupling from a geared motor through a variable friction gear (Variable Drive M k lll, Bombing Trainer Mk III). The support plate has an aperture 4 x 0*3 cm. through which the image is focused. In front of this is an adjustable draw tube on which is mounted the cylindrical lens. Above this, on the support plate, is mounted the time marker. A pea bulb illu minates a narrow slit; a lens focuses this on to the plate through a second aperture Z' in the support plate. Close to the slit, and arranged so th at its edge obscures it, is a circular glass plate O mounted on a horizontal axis. This is rotated by direct drive from a synchronous electric clock motor which is powered by a 75-cycle oscillator. The circular plate is blackened except for radial lines which enable the light from the slit to reach the plate for brief moments (about 5^sec.) a t definite intervals. Thus a time mark is obtained at any desired intervals; different circular
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F ig u r e 7. D ra w in g o f th e c a m e ra .
B
plates are quickly interchangeable to give different intervals of time mark. The circular plates are made by contact printing a circular celluloid protractor on to whole-plate Kodak Process Slow plates, cutting round the periphery and drilling a central hole for mounting on the interchangeable shafts. These prints are black except for the engravings of the protractor which appear clear; the unwanted lines are painted out with Indian ink.
(6) 75 -c y c l e o
The 50-cycle mains were originally used as the time standard but were replaced, because of their great deviations, by an oscillator designed and built for us by Mr R. P. Martin of the Clarendon Laboratory, who furnishes the following account:
'The oscillator consists of a Wien bridge of resistance-capacitance tuned type, in which particular attention has been paid to ensuring stability. The frequency chosen was 75 cycles, to provide a convenient speed of revolution of the motor spindle of 1 revolution in 40 sec. (4° = 1 sec.), while eliminating the danger of the oscillator's " locking" to the 50-cycle mains frequency. A tungsten filament lamp controls amplitude. With a high tension supply of about 300 V, the frequency is independent of variation of the mains voltage between 200 and 260 V. The frequency-determining bridge is enclosed in an iron box and kept away from the oscillator. The negative temperature coefficient of the mica condensers has been compensated by using resistances, mainly of constantan, but containing a sufficient proportion of nichrome winding. The temperature coefficient of the bridge is less than 1 part in 20,000 per ° C. The output of the oscillator is amplified by a pair of 6 v 6 valves in push-pull which give sufficient power for the motor at 250 V.' (7) Photography For the work described in part IV Kodak 0-800 Ultraspeed Orthochromatic plates were used with Kodak D 8 developer. Slower plates will probably be needed for the lower plate speeds required for more slowly diffusing substances.
(8) Control of temperature
In a room where the temperature usually lies between 16 and 20° C, the jacketing of the cell on only two faces appears to control the temperature adequately. No sign of convectional disturbances has been seen. A water thermostat is held a t 20 + 0-05° C and stirred by a centrifugal circulating pump which draws from the bottom and returns water to the top of the bath. The jacket water is tapped off from this circuit and delivered to the jackets of the cell through a glass tube with a tap, ending in two short lengths of bicycle valve tubing the ends of which hang to just within the open tops of the jacket compartments. The jacket water drains back to the bath.
(9) Support
All the optical components, except the mercury lamp, are mounted on a ljm. optical bench which is screwed to a steel beam. This rests on concrete blocks which stand on a concrete floor. The switchboards, thermostat gear and the motor and gearbox for the camera drive are mounted on independent concrete blocks. Thus vibration can be communicated to the optical bench only through the floor. IV. U s e o f t h e a p p a r a t u s a n d c a l ib r a t io n (By A.G.O.) (1) Outline of procedure The refractive increment and the rate of the diffusion process are obtained from measurements of the record. In each of the alternative positions of the stops (part III, figure 6), a double stop is in front of the water jacket and light passing through this gives a trace consisting of three nearly equally bright bands ( figure 8; A rapid method for determining diffusion constants in solution 395 < iv) F igure 8. Negative continuous record of the interference pattern and accessory traces obtained in a diffusion run.
P a r t
see part II ) ; from this trace, which is a constant distance from the optic axis (depend ing on the deflexion produced by the parallel plate F, figure 1 (a) ) all measurements are made. While the cell contains only solvent, two records are obtained: (i), with the single stop in front of the cell, gives a central bright band flanked by less intense Fraunhofer fringes, which gives the distance of the reference trace from the optic axis; (ii), with a double stop in front of the cell, gives a trace similar to the reference trace. Then, after forming the boundary and while it is sharp, a record (iii) is obtained with the double stop in front of it; this gives the fractional part of the refractive increment; it is like the reference trace, but shifted from the optic axis. Finally, the boundary is allowed to diffuse, with the single stop in front of it, and a record (iv) of the movement of the fringes arising from the boundary is obtained.
(2) Detail of 'procedure The cell is cleaned, filled with solvent a t 20° C and mounted on the optical bench; it is connected to the outflow tube, care being taken th a t there are no bubbles in the cell, the outflow slit or channel. The jacket water is turned on. Solvent is allowed to flow out until its level in the cell reaches a mark such that, when the pipette is inserted, its level reaches nearly to the top of the cell. The cell is left for 10 min., which is enough for temperature equilibration. Leaving the solvent in the cell for periods of 30 min. or more was found to lead to slightly erratic results, possibly due to solution of cement in the solvent; this effect is undetectable up to 20 min. After this period, records (i) and (ii) are taken, the shutter being opened and the plate drive started for each. The jacket water is turned off and the supply tubes swung out of the way.
The pipette is filled with solution at 20° C to a mark such that, when it is inserted, about 0* 1 ml. of solution runs out. The rubber tube of the pipette is held pinched, its outside is wiped and its tip is dipped into a tube of clean mercury which has been cooled in a freezing mixture. This freezes the liquid in the tip and it remains frozen until a few seconds after the pipette has been inserted; thus mixing and convection a t the tip are prevented. The pipette is inserted and a few drops run rapidly (1 drop per 2 to 3 sec.) from the outflow, which is then set to a slow rate (1 drop per 10 to 15 sec.). The jacket water is turned on.
After 7 to 8 min. for temperature equilibration, the outflow is turned on to its full speed (1 drop per 2 to 3 sec.) and after 30 to 60 sec. record (iii) is taken. W ith the plate drive still running, the stops are changed over and the outflow stopped, to obtain record (iv); this is run for a time suitable to the diffusion constant being measured.
The outflow may be controlled by a well-ground and carefully greased tap, and this may also be used to stop the outflow. However, it is important th at the outflow should be stopped completely without any disturbance of the boundary. We have done this successfully by dipping the end of the outflow tube into a tube of mercury kept in freezing mixture in a vacuum flask, and keeping it there until record (iv) is completed.
(
3) Measurement
Measurement of the plates is done by means of a travelling microscope. The microscope is traversed by means of a 0-5 mm. micrometer screw. Its stage is traversed by a 1-5 mm. screw. The plate-holder slides a t right angles to the direction of traverse and the plate can be orientated on the holder by means of a screw. The following measurements are made, reading to 0*0001 cm. (figure 8) .
(i) The distance (mx) of the centre of the single stop trace (record (i)), measured as the mean of the positions of its flanking dark fringes, from the centre of one of the dark fringes o f th e reference trace. This gives th e distance of th e optic axis from th e reference trace.
(ii) The m ean separation (m2) of th e dark fringes in th e double stop trace (record (ii)) an d th e m ean distance (ra3) of th e double stop trace from the reference trace (record (ii)).
(iii) The same m easurem ents from record (iii) (m4 and m5).
(iv) The integral num ber (m6) of dark bands from th e optic axis (record (iv)).
(v) The tim es {tx and t2) a t which th e outerm ost dark band (record (iv)) are a t tw o definite distances X x and X 2 from the optic axis, m easurem ents being made from th e reference trace.
A sam ple set of m easurem ents is given in table 1. (ii) The diffusion constant is proportional to e, given by
/?i(Airy) = 1 -l*006v~* (Part II, equation (9)) and
where F is the focal distance from lens E (figure 1) to the focal plane.
(5) Calibration and results
Work with the present apparatus has so far been confined to solutions of KC1 and of glycine; with the earlier and cruder form of apparatus, which used visual measurement of the band system instead of photographic recording, reasonable preliminary values had been obtained for the diffusion constants of glycine, sucrose, pepsin, ovalbumin and horse-serum albumin.
(а) Calibration as an interferometer. The thicknesses of the glass optical plates were measured by micrometer before the cell was assembled and the distance between their outer faces after assembly; these measurements give the length of light path in the cell. Calibration was done with solutions of Analar KC1, dried to constant weight and made up and diluted by weighing. Measurements were made using sodium D light at 17° C and compared with the data of Brodsky & Filippowa (1936) . The results are given in table 2. Table 3 gives results for glycine using the mercury 546 m/i line at 20° C; these values are not to be regarded as standards, since the highest accuracy was not aimed at in making the stock solutions of glycine, and dilution of them was volumetric.
(б) Calibration for diffusion. When the computation of the integral described in part II has been completed, the method will be self-contained. Meanwhile, it was known, from the part already computed, th a t the approximate formula based on Airy's integral is very little in error if v (the number of wave-lengths of retardation) is large (over 60), but might be considerably in error a t smaller values of v. Since the measurement of diffusion constants a t the lower values is of most interest, an empirical method of determining /?f (see part II) was sought which should be in dependent of any other method of determination. W ith this object, a 2-5 cm. cell was constructed on the model of the 1 cm. cell. A solution of glycine, 1 g./100c.c., in this cell gives a retardation of about 83 wave-lengths, so th at the Airy approximation can be used to obtain an accurate value of the diffusion constant a t this concentra tion. This value D can be used to determine /3\ at 33 wave-lengths retardation in the 1 cm. cell using the same 1 % solution. The value of obtained thus is used to determine D at 0-4 % concentration in the 2*5cm. cell; and so on. The results of this series of measurements are given in table 4, each result being the mean of several runs. Table 5 shows the results of a number of runs with 1 % glycine in the 1 cm. cell to show the degree of reproducibility. In figure 9 these results are plotted, together with values of D a t concentrations of 0-875 and 0*667 g./lOO ml. The values obtained by Poison (1937) , using the Lamm method, are given for comparison and show a satisfactory agreement. Figure 10 shows plots of v2/X 2 against t for solutions o much below 13 there is a noticeable departure from linearity, while at larger values of v the curves are accurately linear. This means th at at low values of v, the value of required to obtain Di s a function of the values and X 2 wh for measurement. Until the full computation is available one of two procedures should therefore be followed:
(1) For v > 13, the Airy approximation is sufficiently accurate and any convenie values of X x and X 2 may be used. (2) For v < 13 it will be necessary to compare the values of obtained for given solute and for glycine, using solutions of the same v and measuring at the same values of X . Then The cost of the initial parts of the computation was defrayed by a grant from the Department of Scientific and Industrial Research and the cost of constructing the apparatus by two grants from the Government Grant Committee of the Royal Society. Figures 5, 6 and 7 were kindly drawn for us by Mr K urt Iwnicki.
